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{1) INTRODUCTION

The use of keryllium oxide in single crystal form as a substrate

for microelectronic devices &nd integrated circuitry is predicated
on the fact that this material, while being an excellent dielectric,
displays extremely high thermal conduction values. As such it can
provide heat dissipation, allowing the application of higher power
levels and resulting in increased reliability in devices in which it
is used. As described in the previous bi-monthly report, data
measured on polycrystalline beryllium oxide ceramic materials has
been supported by subsequent device and package use leading to
increased performance of semi-conductor materials,

Knowledge of the basic crystal structure of beryllium oxide leads

to the conclusion that because of its anisotropic character the material}
in crystal form should displey directional thermal conducting propertise
combined with dielectric properties far superior to those found in

the polycrysialline material. This is analagous to the improved
behavior of sapphire over conventional pelycrystalline aluminum

oxide.

The present program has as an objective the development of techniques
for the growth of beryllium oxide in single crystal form suitable fox
use in microelectronic devices and the accurate determination of
thermal and electrical properties of these crystals with additional
supporting data as required, The program is being conducted under
the following Tasks: S

tasg A_~- Single Crystal Growth

Conduct an experimental investigation with the objective of perfecting
the reproducibility of beryllium oxide single crystals with optimum
surface smoothness and electrical homogeniety by controlling the
crystal growth, chemistry and geometry.

Tagk B - D;éléctric, Optical and Thermal Properties

Determine the precise dielectric, optical, and thermal properties
of beryllium oxide single crystals. This shall include measurement
of anisotropic behavior of dielectric constant, resistivity, and
thermal conductivity, the data being applicable to a wide range of
applications. Measurements shall aleo be made of optical and
microwave properties as they are applied to microcircuitry.

(2) TECHNICAL PROGRAM
Task A - Single Crystal Growth
Study of the growth of the single crystals of beryllium oxide is

being pursued along two primary lines of endeavor. These ares
growth of BeO ciystals by the water-vapor transport technique, which
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utilizes the generation of Be(OH), vapor from a BeO nutrient with a
subsequent condensation on a seed surface at elevated temperatures;
‘the second technigue is an exploratory study of the flux growth
method utilizing alkali molybdate solvents. Both of these techniques
have a fair degree of promise for preparation of dielectric BeO
crystals and are being explored undexr this task of the contract.

(1) Water-Vapor Transpori Growth Method

During the reporting period, experimental runs were continued on

the growth of beryllium oxide single cryatals using the high tempera=
ture induction apparatus previously described. Pigure (1) is a

1ist of typical processing data for these growth studies.

The objective cf these series of experiments has been to vary the
conditions of temperature, time, and carrier gas dew point and to
study their effect on the yield and quality of resultant crystals.
It has been found that optimum growth conditions occur whean the
following conditions are mets

a. The reaction zone is cnstructed of completely pure poly-
crystalline beryllium oxide to minimire impurities present
in the systen.

b. Nutrient material utilized as a2 scurce for beryllium
hydroxide is high purity sintered beryllium oxide grit or
scraps and the seed material is also beryllium oxide.

¢. Induction heating through the use of the graphite susceptor
system is initiated with very rapid heating rated on the
oxder of 7 C/minute.

d. Water vapor 1s introduced at a temperature of 1200°C into the
reaction zone using helium as a carrier gas.

e. Water flow rates are on the order of 2 cc per minute.
£f. Vaporizer bath tem?eratures are on the order of 180°C.

g. The high temperature reaction zone where evaporation of the
beryllia occurs lies between 1775 and 1325°C.

h. A reaction hciding time of 2% hours is utilized.

Using this process it has been found possible to reproducibly prepare
beryllia single crystals in hexagonal platelet form up to sizes of
approximately 3/16" which appezr to be suitable for initial dielectric
measurements. The objective cof the continuing experiments is to
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yield increzsed crystal size, and to accomplish this several factors
must be overcome. These factors include the close control of seed
surface ceonditions so as to yield platelats in the proper section of
the reacticn chanber, the reaction chember temperature, and the
vaporizer temperature as it contrcls the water content of the carriex
gas., Variations of zs little as :SOC in the vaporizer temperature
have been found tc modily crystal hakit from either a fibrous or
cotton=like condensste to the platelet giructure which is desired.

(2) Soluticn Crowth Esyperiments

The furnace system being uiilizeé for coluticn growth consists of

a platinun-wound {(zluninum oxide) muZile, <ontrollable to temperatures
up tc 1550°%. 1Initial tests utilizing lizhium dimolybdate £lux
materials have Dbean cenducted at furnace operating temperatures

of 1400°C. The coutainer used consists of a sintered beryllium

oxide boat with = hich purity platinur liner to minimize reactivity
with the container materizl. 2t thie time the initial experiments
have been conducted utilizing sclution times on the order of several
days. Modification of the furnzcs control system has been undertaken
to reduce flucuations within the hot zone and experiments are continuing
on the introduction of an artificial gradient for controlling the
growth direction., While crystals have not yet been obtained

by this technique it is felt that the initial experimental yield

will be avaible in the very near future.

Task B = Nielectric, Thermal and Optical Properties

(1) Dielectric Pzoperties

In the previcus report 2 descripticn was given of the measurements

which are to e made of single crystal BEeQ platelets. These include
volume resistivity, capacitance and dissipation factor. The basic
equipment being utilized includes = Federal Model H Teraohmmeter

for DC resistivity, a Generzl Radjo 1615A capacitance bridge assembly
and a Boonton Radio 160A Q-meter. Because of .the limited size of
crystal samples available, a major portion of the effort has been
devoted to the design and construction of a sample holder capable

of measuring the capacitances of extremely fine gaps with reproducibility
and precision. To achieve this, 3 preliminary sample holder (model no.l)
was constructed snd exploratory measurements made with the General

Radio bridge in order to determine what some of the problem areas

would be in working with such a system. Based on these preliminary
experiments which were briefly described in the previous bi-monthly
report it was determined that such a measurement apparatus would

have the following regquirements.




- 4 -~

(a) Capability of adjustwent and calibration of capacitance
~ gap openings down to .0001" (2.5 microns).

(b) Complete flexibility in adjustment of probe and ground
electrode location so as to allow measurement of not only
platelet type materials but ultimately £ibrous crystals.

(c) Facility for adapting the sample holder to high temperature
measurements without disturbing the major electrical charace
teristics of the system.

(d) A design made such that the extremely small platelet
crystals can be inserted and removed with a minimum of
handling @nd with their location being such that they can
be physically observed before, during., and after the
measurements have been taken. /

With these parameters in mind the present apparatus was designed and
the device is shown in Pigure (2). During the reporting period the
apparatus was completed and was put into operation. 1Initial measure-
ments have been made on simulated crystals fabricated from poly-
crystalline BeO discs. These samples consist of pressed and sintered
BeO of 99% purity and 95% density and have been prepared in the
following dimensionss

Type Diameter (in) Thicknegs {in) - Electrodes
P=-1 ‘ «177 «020 None

P=2 «123 «012 None

P-3 096 .035 Mo=Mn/Gold Plate
P-4 -052 <021 None

P=5 +400 «042 Mo-Mn/Ni Plate
P=6 «500 ' »020 Mo-Mn/Cu Plate
P-7 .140 | 025 Mo=}n/Cu Plate

Comparative tests were conducted on metallized and un-metallized

BeO disc samples and it was determined that it would be a necessity
in subsequent teating to apply metallic electrodes to the sample under
test. This was found to be necessary so as to define closely the
electrode area under measurement. Considerable scatter was found

in those samples tested without electrodes in which the probe
electrode &lone was ~@lied upon for contact. Techniques are available
for the application of these electrodes to the BeO single crystal
body either by vacuum deposition or sputtering and will be applied at
such time that the tests on the crystzls are conducted. PFigure (3)
shows some of the initial dielectric data obtained on the BeO electrode
substrate materials, using Model No. 1 and No. 2 experimental apparstu



LIV T Y | 7

TO DIAL GAUGE FOR
GAP CALIBRATION

PROBE CARRIAGE

CERAMIC SPACER

HIGH =
LEAD ydr
COAXIAL |

ADJUSTABLE

N PROBE EILECTRODE
VS
L / i -

S SPECIMEN
s

A
,/é GROUND ELECTRODE

FURNACE

GROUND LEAD

FIGURE 2
BEQ CRYSTAL DIELECTRIC SAMPLE HOLDER NO. 2




60°8

€6°L

S8°L

6% °8

06°S

61°L

- §
jue3lsuU0) OTIIOBTLTA

00T10°

0T00°*

00T10°

0500°

0€00°

0€£00°

0010°

0020°

9600°

0010°*

0600°

0600°

¥66€°0 089T°1
v€08°9T  0066°LT
0ZS6°9T  O00€L°LT
8YZ9°ST  0007°6T
06LS° ¥ 062£°S
009L°Y 00ZS°S
) ‘ 15
SpRILIOOTY

2989L°

9986L°

0ciL®

eeLL®

oosL®

oooL*

). B ¢

A T

o). 8 §

o) S &

93RTd PTOD/A
PeZTTTEION

c=d 9dLy
ostq 098 (3)

ajerd no/m
POZTTIWION
9~d 9dix
o8tTg o094 (3}

ajeta no/s
PIZTTT BN
o= od/j
°831Qq 004 (D}

’jeld no '«
PoZTTIT® oW
9-q &diy
OBYQ 09° (=}

3eTd TN/o
PRZTITeAON
g=d oLiz
o8TQq o°q (<)

93RTd TN,/M
POZTTTeION
Ged 9diy,
osTa ood ()

e1dueg jo
uotadyxossq

o S




w°9

1€°9

9€°9

Tv’s

06°8

—

-5
JULI/UCY OTIDBTOTQ

0500°

0s00°

0s00°

ozZ10°*

0010°

00T°0

ooto*

0010°*

00TO*

0o010°*

<a

T$08°0 eTES°'T  LLLL®
L0280 LP6S°T  OwLL®
2LZ8°0 OLT9°T  YO6L®
YOTY°O £SBT°T  6VLL®
09EV°0 OVET°T  0BesL°®
*5 T %
sSpRIRFOOTd
sUOD

oK TS0TON STINE

AT

N T

o) S ¥

o) S §

o T

S

Kouenbexga

ATuo up-on
pPO2TTT el 31
L=d oAy,
28TQ 099 (X}

KATuo up~oH
POZTTTRISN
L= 9diy
o87q@ oeg (L)

ATuo uN-Ow
POZTITITe3W
L~a odk1
ostq o9g (T)

938Td PTOD/
PoZTITessKH
¢=g oddig,
ost1q 094 (4)

@3erd PTOO/M
POZTTITRIONK
¢=-a odhiy,
osTa oed (B)

® 30

uogadiaosag




0066°8T - MT Te3sfa2d orbutrs o9g (o)

a3eTd PToD/Mm
pPozZITTEIONW
g-a odiy

£1°¢ 000%* 009L°LT 009€°LT o) 8 § ostTg 09g ()

83eld PTO9/M

POZTTTRION
t£=-a adiy
69°L 008¢" 00SL LY 00LE LT oM T o9td oeg (®)
> - . - - 3 T 30 S EEEEN
JUR3SUOY OTAIONTITA Xy Ty g, Kouanbexg
sprIeICOTd

(ptetus otdwes Inoyltm) 7 "ON I9PIOH ordues




at room tempe:ature. It should be noted that thé D values for
~ dissipation factor have not yet been computed since this is dependent
upon f£inal calibration of the instrument and will be reported at a

~.. later date. The purpose of this series of tests was to verify

the capacitance range of the sample holder and evaluate test procedures.
" One measurement made on a single crystal specimen showed a C, or

total capacitance of 13.990 picofarads indicating that the specimen
size and geometry is ccmpatable with the design of the test instrumentc

(2) ggtiggl Prggg ties

In the first hi-nonthly report prelzmirary infra-red transmission
data was presented on BeO single crystals measured on a Beckman IR-3
spectrophotometer. Additional neasurements have now been made on
crystals prepaxed in a mosiac structure in which spepture sizes

were increased to accomodate up to & monocrystals. As previously,

the transmission gpectrum was from 2.5 to 16 nicrons. For comparison
purposes corresponding data was obtained on 95% dense cold-pressed

and sintered beryllium oxide and theoretical density hot-pressed
beryllium oxide of 99% purity. The three curves are shown in Figure (4).
It may be observed that a noticeable absorptiocn peak occurs in the
BeO single crystal at about 7.3 microns and a minor peak occurs

at 6.5 microns. These sbsorption peaks were reproducible over several
BeO monocrystalline samples mounted in various ways with both slow
and fast scan on the spectrophotometer indicating 2 fundamental
behavior of the crystal structure.

(3) Thermal Conductivity Meagurements

A review of the techniques for measurement of thermal conductivity
has led to the selection of two approaches for making measurements
on small BeO single crystals. These techniques are as follows:

(a) COQQgrativa Method

This measurement technique is similar to the so-called cut-bar
technique described in ASTM Test Procedure C-408-58 which has been
utilized for the measurement of thermal conductivity of ceramic
materials. In general, the cut-=bar method consists of a series
arrangement of a material of known conductivity such as copper with
the unknown interposed between two sections of the known material.
Thermocouples placed at predetermined spacings in both the known and
the unknown allow calculation of Q hezt flow once ¥ thermal gradient
is established, and K may ke calculated based on theAT across the
sample. In general, this technigque is carried out in vacuum and is
a relatively simple method. The only complications that arise are
usually in the attachment of the sample to the known material. 1In
the measurement of singlecrystal beryllium oxide the size and geometry
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of the known specimen material is extremely small and therefore

for these tests it has been decided to utilize the fiber or whisker
type of single crystal which will provide data in one crystallographic
direction. The apparatus consists basically of an electrical heat
source, a differential thermocouple probe which acts as the known
standard on the hot side and to which the tip of the crystal is
attached. The heat sink is a liquid low melting alloy material

into which the cold tip of the crystal may be immersed so as to establish
the thermal gradient. The entire apparatus is designed to be operated
in vacuum and should provide data at temperatures up to approximately
200°C above which radiation losses could become an error source.

At the time of this report the design of the apparatus was complete
and major portions of it have been fabricated and are being assembled.
It is anticipated within the next month initial data will be forth-
coming.

(b) The Dynamic Method

Arrangements have been made with Queens Laboratory of Bdison, New
Jorsey to develop a dynamic or pulse technique for the measurement
of the thermal conductivity of the platelet form of BeO single crystal.

Through the efforts of Dr, H. T. Smyth and Dr. W. Bauer, the physical
calculations have been made, and preliminary experiments started to
evaluate this method as a means of measuring thermal conductivity.

A small sub-contract has been initiated to cover the initial stages

of this work and should be sufficient to establish the feasibility

of the method, If it is successful, this study technique can be
expanded further. It basically consists of the introduction of a
chopped light source, onto one side of the cxystal, each side of the
platelet having a vapor deposited bi-metallic £ilm thermocouple.

Based on the frequency of the heat energy and the temperature gradient
established across the crystal the thermal conductivity may be cal=-
culated. Initial tests conducted with glass microscope slides and
soon with polycxrystalline BeO sim;lated crystals should establish the
applicability of such a technique to the measurement of monocrystalline
BeO properties.,

(3) PLANS FOR NEXT REPORTING PERIOD

It is anticipated that during the next reporting period a considerxable
quantity of BeO crystal platelets will be accumulated which will be
sufficient for most of the éata generation necessary under the present
phase of the program. Most of these crystals will be prepared by the
water=vapor transport technique and the best will be selected for
measurement purposes. Supporting X-ray and spectrographic data will
also be obtained on any crystals evaluated. The solution method

work will be continued to the point where crystals obtained will be
measured on a comparative basis with those prepared by the water-vapor



method. Dielectric constant and loss meagsurements using the re~
designed sample holder will be conducted at room temperature and
possibily initial measurements to 500°C will be available. Adaption
of the sample holder apparatus to volume resistivity measurements
will also be completed and initial property data obtained.
Techniques for thermal conductivity measurement will be explored

and it is anticipated that some initial data will be available

on the anisotropic properties of BeO crystals in the a and ¢
crystallographic direction. As with the other measurement technigues,
calibration data will be cbtained using polycrystalline simalated
crystal sanples for comparison purposes.

(4) PROJECT PERSONNEL
During the reporting period the following National Beryllia Corporae=
tion personnel participated in the program, Dr. E. Ryshkewitch,
P. S. Heasirger, K, Styhr, R, L, Sharkitt., and G. Ferment.
Report submitted by
NATIONAL BERYLLIA CORP.

Ghites S. @Mf;

P. S, Hessinger
Project Manager

PSH/se



